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Numerical study on power limit of single-mode Er-doped
fiber lasers

Guo Kai, Zhu Yadong, Zhou Pu, Wang Xiaolin, Shu Bohong

(College of Optoelectronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: The numerical analyzing about the influence factors on limiting the output power of erbium
doped fiber laser, considering the nonlinear effect, the thermal effect and the facet damage as well as
combining the single mode condition, the single mode erbium doped fiber laser was simulated to get a
maximum extractable power of 6.34 kW operating at 1 570 nm. Besides, in less mode condition,
maximum extractable power of the erbium doped fiber laser can reached 53.39 kW. The limited output
power in single frequency condition was simulated and the results show that in absolutely single
frequency condition, the power limit of erbium doped fiber laser was 245 W. At last, the fact working
condition was analyzed and the promoting methods of power was focused on. As results, decreasing the
core numerical aperture (NA) and promoting the beam quality in less mode condition can be effective
ways to gain the limited output power.
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Tab.1 Parameters and values used in model

Parameter Symbol Value Unit
Rupture modulus of silica R, 2460 W/m
glass
Thermal conductivity k 1.38 W/(mK)
Convective f|-Im ct_)efflment h 10-¢ W/ (miK)
for cooling fiber
Melt tempelja-ture of fused T, 1983 K
silica
Change in index with dn_ 11.8x10- 1K
temperature aT

Peak Raman gain coefficient

-
in pure-silica PCF O 10 m/w

Peak Raman gain coefficient

-12
in Ge doped PCF Or 1.16x10 m/W

Peak Brillouin gain

-1
coefficient in Ge doped PCF G 5x10 m/w
Small s'lgnal pump A 20 dB
absorption of laser
Assumed laser gain G 10 -
Ratio of mode fle_ld radius Q 08 _
to core radius
Optical damage limit P 35 W/pm?
Environmental temperature T, 300 K
Pump brightness limit Loump 0.42 W/ (um?-sr)
Peak core absorption at o 30 dB/m
pump wavelength
Fraction of pump light 0.85 ~
converted to laser power Tesr '
Fraction of pump light 01 _
converted to Theat .
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Fig.1 Limit power of erbium doped fiber laser varying with core

diameter and fiber length
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Fig.2 Limit power of erbium doped fiber laser varying with core
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Fig.3 Limit power of erbium doped fiber laser varying with NA

under different pumping brightness
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Fig.4 Limit power of single frequency erbium doped fiber laser

varying with NA
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Fig.5 Limit power of erbium doped fiber laser varying with NA
while NA=0.014
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Fig.6 Power limit of erbium doped fiber laser in less mode

condition with NA varying
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